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In wireless systems, accurate location estimation facilitates a
variety of applications such as emergency localization, intelligent transport systems, inventory tracking, intruder detection, tracking of fire-fighters and miners, and home automation [1, 2]. In addition, location information can help optimize resource allocation and improve cooperation in wireless networks. Recent eﬀorts for incorporating location estimation into wireless systems include the Federal Communications Commission requirement for wireless providers to
locate mobile users within tens of meters for emergency 911
calls [3], and the IEEE 802.15.4a Task Group’s amendment
to the IEEE 802.15.4-2006 standard, which defines an ultrawideband (UWB) physical layer for low data rate communications combined with positioning capabilities [4].
In order to realize the potential applications of wireless
positioning, location must be estimated with suﬃcient accuracy in both simple line-of-sight (LOS) propagation environments as well as in challenging wireless environments
with multipath and non-line-of-sight (NLOS) propagation
[5, 6]. Theoretical limits for location estimation provide
lower bounds on the mean squared error of location estimators [7–10], which can be used as guidelines for designing positioning systems. However, in many practical scenarios, advanced signal processing techniques must be applied
in order to obtain location estimators with performance that
approaches the theoretical limits.
Location estimation techniques can be classified loosely
into two broad categories depending on the use of a reference
database. Mapping (or fingerprinting) techniques are based
on comparison of local measurements of signal parameters
to a database containing previously estimated values of the

signal parameters at known locations within the environment [11–15]. On the other hand, geometric and statistical
techniques do not use such a database, and directly estimate
the location based on position-related signal parameters by
means of geometric relationships and statistical approaches,
respectively [2, 16]. Localization with geometric and statistical approaches performs best in strong LOS environments
and is complicated by the presence of NLOS signal components. In mapping approaches, estimation accuracy is generally limited by the accuracy of the reference database.
The papers in this special issue discuss localization approaches that fall into both the mapping and geometric/statistical categories as well as hybrid techniques. The papers explore a broad spectrum of issues in location estimation and tracking in wireless environments and present, we
believe, an excellent overview of the current state of the art.
The issue contains 14 papers, which are organized as follows.
The first three papers are in the mapping category. The
paper by O. Turkyilmaz et al. considers localization based
on received signal strength (RSS) measurements in complex
propagation environments. The authors propose incorporating an estimate of the radio environment of the mobile user
(e.g., urban, suburban, or rural) into the location decision
using machine learning techniques. The resulting environment aware RSS-based location estimation (EARBALE) system constructs an artificial neural network to identify a parametric model of the site, which is then used in triangulation
for localization. The paper by H. Li et al. considers a combination of proximity-based and triangulation techniques
in determining oﬃce- and cube-level locations using sensor
nodes. A position confidence indicator is derived to measure
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the quality of location results. The paper by M. Khalaf-Allah
evaluates mobile-based wireless location estimation, position tracking, and global localization algorithms in an outdoor GSM environment using RSS measurements from multiple base stations. All approaches use a Bayesian approach
to compute an estimate of a mobile position based on an RSS
map derived from a propagation simulation within the chosen outdoor environment. Location estimation uses no filtering (no motion model), and computes the maximum a posteriori (MAP) estimate, the conditional mean estimate, and a
conditional trimmed-mean estimate based on one-shot network measurements. Position tracking incorporates a motion model and utilizes recursive Bayesian filtering (RBF) to
update an assumed initial position. Global localization employs RBF with a nondegenerate prior on the localization until convergence to a stable distribution, and then propagates
the conditional mean estimate using position tracking. The
authors propose and evaluate particular implementations of
each of the three positioning techniques.
The next three papers in the issue all deal with geometric and statistical approaches to localization using UWB impulse radio technology. The paper by R. Barton and D. Rao
studies the performance limitations of UWB for long-range
location and tracking in an outdoor environment based
on time-diﬀerence-of-arrival (TDOA) measurements. Performance of weighted-least-squares (WLS), weighted-totalleast-squares (WTLS), and maximum-likelihood (ML) algorithms is characterized as a function of signal-to-noise ratio
(SNR), range, sensor geometry, and number of sensors. Particular emphasis is given to the eﬀects of algorithm bias and
bias resulting from sensor position errors. The paper by İ.
Güvenc et al. studies NLOS identification and mitigation for
UWB systems. The authors propose using the kurtosis of the
channel impulse response (CIR) together with the excess delay and the delay spread of the CIR as the basis for classifying
channels at multiple receivers as LOS or NLOS and also to
choose weights to be used in a WLS time-of-arrival (TOA)
location estimate. Performance of the proposed approach
is studied in a simulated environment and compared with
conventional WLS location estimates that make no attempt
to compensate for NLOS bias. The paper by C. Steiner et
al. proposes a course-grained localization (clustering) technique for UWB systems based on sampling the CIR at one
or more receivers. The CIR is modeled as a complex Gaussian random vector parameterized by the mean vector and
the covariance matrix. The environment is divided into regions and localization is performed using a hypothesis test to
identify the maximum-likelihood model corresponding to a
received CIR. Performance of the approach is studied using
measured as well as modeled data to generate empirical and
theoretical probability of error statistics for a binary version
of the localization problem.
The following three papers deal with the statistical modeling and mitigation of NLOS propagation. The paper by M.
Heidari and K. Pahlavan presents a new methodology and
framework for modeling and simulation of random ranging
errors observed by a mobile user in an indoor wireless environment. A procedure is developed for deriving a four-state
hidden Markov model using ray-tracing software to simu-

EURASIP Journal on Advances in Signal Processing
late propagation in an indoor environment. Generalized extremal distributions (GEDs) are used to model the conditional range error distributions. An infrastructure-distancemeasurement-based model (IDM) applicable to a generic environment is also provided for determining the state corresponding to a particular location within the environment.
The paper by L. Mailaender considers performance of TOA
and TDOA location estimation techniques in a total NLOS
environment. Cramer-Rao lower bounds (CRLBs) are developed and compared for 2D TOA and TDOA location estimation in NLOS flat-fading conditions both with and without
errors in sensor position. Bounds for round-trip TOA systems are also developed. The author shows that the Fisher
information matrix on an all NLOS channel is singular with
no knowledge of the NLOS bias parameters, so that no CRLB
exists under that scenario. If partial knowledge of the NLOS
parameters is available (i.e., the distribution of the parameters), then the generalized Fisher information matrix may or
may not be singular. The special case of half-Gaussian NLOS
parameters is considered as an example. The paper by Y. Park
et al. proposes and evaluates a geometric method to estimate
the location of a mobile station (MS) in a mobile cellular network when both TOA and angle-of-arrival (AOA) measurements are available at the base station (BS) but corrupted
by NLOS errors. Constraints based on the statistical distribution of both the TOA and AOA measurements are placed
on the position of the MS. The constraints lead to a closedform system of equations defining the region containing the
MS, which can be solved directly to generate an estimate of
the MS location when the AOA errors (angle spread) are sufficiently small. In the general case, the location of the MS
within the constraint region is estimated by minimizing a
particular objective function using either a Lagrange multiplier solution or an alternative numerical technique.
The final five papers in this special issue deal with various
other aspects of geometric and statistical approaches to location estimation. The paper by F. Benbais et al. provides a theoretical characterization of the eﬀect of landmark placement
for range-free topology-based location in wireless sensor networks. The authors prove that under certain simplifications
and restrictions, it is best to place landmarks at equal distance on the boundary of the area of interest. Furthermore,
random placement yields comparative performance as long
as the number of landmarks is suﬃciently large. Simulation
evaluations of landmark placement on routing performance
are also presented in the paper. The paper by I. Bergel et al.
proposes a probability-controlled interference management
mechanism using a random symbol-dropping scheme to reduce multiple-access interference (MAI) and improve TOA
location estimation accuracy in a multiuser code-division
multiple-access (CDMA) scenario. The paper assumes that
symbols that are dropped (not transmitted) can be recovered
using an error-correcting code. Average user transmission
power is fixed so that peak power for each symbol increases
as the probability of transmitting a symbol decreases. The effect is to increase the impulsive nature of the transmission for
each user and to reduce the impact of MAI on the estimation
accuracy in a TOA system. Interestingly, the results in this
paper are reminiscent of previous results in the information
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theory literature indicating that the capacity-achieving symbol distribution for random channel codes on uncertain fading channels is impulsive [17, 18]. The paper by C. Chen et
al. considers the problem of direction-of-arrival (DOA) estimation in the presence of additive sensor noise that is Gaussian, zero-mean, independent from sensor to sensor, but with
nonuniform variance. The variance from the uniform noise
case makes solving the ML estimation problem much more
diﬃcult numerically. The paper presents two new algorithms
for finding approximate solutions to the problem in the general case, making no assumptions regarding array geometry,
signal waveform, or far-field approximations. The CRLB for
the nonuniform case is also derived in the paper. The paper by M. Bhuiyan et al. considers delay-lock loops and related feedback code tracking algorithms, which are used to
track LOS delay in global navigation satellite systems. The
performance of such algorithms degrades in severe multipath scenarios. The paper analyzes feedback and feedforward
code tracking algorithms and proposes peak-tracking methods, which are combinations of both feedback and feedforward structures, as alternatives to improve performance in
severe multipath environments. Improvements to other multipath mitigation schemes are also proposed and analyzed
by the authors. The main focus of the paper is performance
comparison of the new and existing algorithms via simulations in a closely spaced multipath scenario. The paper by T.
Haenselmann et al. proposes a positioning scheme for locating nodes with no position information based on distance
measurements from previously located nodes within a network. The position estimate is a weighted average of approximate triangulation solutions computed using pairwise combinations of the nodes defining the convex hull of a neighborhood containing the node being located. The weights are
computed using a heuristic rule that assigns relatively more
weight to position estimates computed from neighboring
nodes “close” to the target and relatively less weight to estimates from nodes “far” from the target. The approach is
computationally simple and the weights are computed using
only pairwise distances between nodes, so the exact geometry of the network is not needed (other than the convex hull
requirement). No knowledge of the method used to compute
the distance estimates is required.
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